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SYNOPSIS
Synopsis of the thesis entitled “Total synthesis of Nonenolide, (+) Mueggelone and development of novel methodologies” has been divided into three chapters.
Chapter-I: This chapter has been devided into two sections.
Section-A: This section provides a brief introduction of malaria, including medium size ring lactones and previous approaches for Nonenolide.
Section-B: This section deals with total synthesis of Nonenolide.
Chapter-II: This chapter has been devided into two sections.
Section-A: This section provides a brief introduction about some marine compounds and previous approaches for (+)-Mueggelone.
Section-B: This section deals with total synthesis of (+)-Mueggelone.
Chapter-III: This chapter describes the development of new methodologies. This chapter has been devided into three sections.
Section-A: describes the synthesis of thiazoles and aminothiazoles from α-halo ketones catalyzed by Copper (II) acetate.
Section-B:This section summarizes the Triton-B mediated  synthesis of 3-indolyl-3-hydroxy oxindoles in aqueous medium.
Section-C: This section describes the synthesis of spirooxindoles mediated by PEG.












Chapter 1: 
Section-A: Introduction to malaria, medium size ring lactones and previous approaches for Nonenolide.
Section-B: Total synthesis of Nonenolide
 
 This chapter deals with brief account of the lactones, brief account of the work carried out by the various research groups towards the synthesis of Nonenolide and a detailed account of the present work.
Many natural products pose considerable synthetic challenge because of their stereochemical complexity. The development of new and efficient methods for the region and stereoselective synthesis of biologically active compounds is an active area of research.
Nature gave us many biologically active metabolites. Such a genus is Cordyceps, a abundant source of biologically active secondary metabolite, for example anti malarial erythrostominones, antimalarial cordypyridones, and antitumor sterols. It has been widely used as food and herbal medicine in Asia over the past years. The rich source of the secondary active metabolites ranging from simple to structural complex molecules such nonenolide 1, cephalosporolides 2 consecutively, continue to stimulate the organic chemists. Compound 1 is a 10-memebered lactone was isolated from the entomopathogenic fungus cordyceps militaris BCC 2816 in2004. It is white solid and shows good anti-malarial activity.








As a part of the programme aimed at the synthesis of biologically active molecules, it was decided to synthesis of Nonenolide. The retrosynthetic analysis is depicted below (Scheme-1)





The importance of the synthesis lies in the fact that the same starting material is used for both the fragments. Thus the synthesis of fragment 4 commenced from L-malic acid 6. It was converted into 12 in 6 steps (42% Yield) using a literature procedure.(Scheme-2) 


Reagents and conditions: a) BH3.DMS, THF, 0 oC-rt b) acetone, PTSA c) TBDPS-Cl, imdiazole, CH2Cl2 d) 80% aq.AcOH, rt e) TsCl, Et3N, Bu2SnO, CH2Cl2 f) K2CO3, MeOH
The epoxide 12 on exposure to trimethyl sulfonium iodide in THF afforded a secondary allylic alcohol 13 in good yield (87%). Protection of alcohol 13 with PMBBr in the presence of NaH gave a mixture of compounds 14 and 15 (60:40). Since the TBDPS group on the primary hydroxyl group has to be removed in due course, the crude compound was treated with the TBAF to give required primary alcohol. Then the primary alcohol was converted into acid 4 in two steps with 90%yield (Scheme-3).

Reagents and conditions:a) (CH3)3S+I-, n-BuLi, THF, -10oC,1h, 90% b) NaH, PMB-Br, TBAI, THF, 0 oC-rt c)TBAF, THF, rt d) 1)(COCl)2,DMSO, DCM, -78 oC 2) NaH2PO4, NaClO2, CH3CN, H2O, 2-methyl2-butene
Oxidation of alcohol 8 with PCC gave aldehyde which with out further purification was treated with 1C-wittig reagent provided olefin compound 16   (47% Yield). The olefin 16 was subjected to hydroboration with BH3.Me2S in THF, followed by oxidation with hydrogen peroxide to give primary alcohol 17 in 84% isolated yield in two steps.
Oxidation of 11 with IBX furnished the intermediate aldehyde and subsequent addition of trimethylsilyl acetylene gave a 1:1 mixture of diasteromers18. Removal of TMS group in 18 with K2CO3 in MeOH, and oxidation of secondary alcohol with DMP provided the desired ketone 19 in good yield. Reduction of ketone 19 with Corey’s chiral oxazaborolidine gave 20 (95% de, 86% yield).The propargylic alcohol 20 was reduced by using Lindlar’s catalyst give the allylic alcohol 21 in good yield.  The secondary hydroxyl was protected by a PMB group, giving 22 in 80% yield.




Reagents and conditions: a) 1) PCC, DCM, rt 2) PPh3CH3+I-,  t-BuO-K+,THF,0 oC b)1) BH3.Me2S, THF 2) H2O2,NaOH c) 1)IBX, DCM,DMSO, 0oC-rt 2) trimethylacetylene,n-BuLi,THF,-78oC d)1)K2CO3, MeOH 2)DMP oxidation, DCM, 0oC, 90% e) (R)-CBS-oxaborilidine,BH3.DMS,THF, -78oC  f) Pd-CaCO3,H2, 
EtOAc, rt g) NaH, PMBBr, TBAI, THF, 0oC-rt h) PTSA, MeOH i) TsCl, Et3N, Bu2SnO,DCM,rt j) LiAlH4, THF, 0 oC-rt
The isopropylidene group of 22 was hydrolyzed under acidic conditions with p-TSA in methanol at room temperature, to furnish diol 23 in 92% yield. The diol 23 was selectively monoprotected with a tosyl group by using TsCl, to give 24 in 76% yield. Then 24 was treated with excess of lithium aluminium hydride (LAH) at 0 oC for 3 h in dry THF to provide requisite coupling partner 5 in 88% yield
The acid 4 was coupled with alcohol 5 under Yamaguchi conditions which gave ester in 91% yield. It is reported in the literature that RCM reaction does not proceed with the hydroxyl protecting groups like TBS, MOM. However the RCM reaction proceeds with hydroxyl groups and leads to Z-isomer exclusively. So we have planned RCM reaction using PMB protected hydroxyl groups. We have successfully performed the RCM reaction on PMB protected hydroxyl compound using Grubbs II generation catalyst. This afforded required 10 membered lactone 25 as a major product with 75% yield along with minor Z isomer. This was confirmed after deprotection of PMB ether.











Reagents and conditions: a) 2,4,6 trichloro benzoyl chloride, Et3N, DMAP, CH2Cl2, 6h, 0 OC to rt b) Grubbs IInd generation catalyst, CH2Cl2 c) DDQ, CH2Cl2, H2O, rt
The synthesis was highlighted by Corey’s reduction, lactonization, and ring closing metathesis as key steps.
Chapter-II: 
Section-A: Introduction for some marine compounds and previous approaches for (+)-Mueggelone.
Section-B: Total Synthesis of (+)- Mueggelone
This chapter deals with a brief account of the reported synthesis of (+)-mueggelone by various research groups and an elaborate account of the present work. (+)Mueggelone was isolated by Konig and co-workers in 1995 from the bloom-forming strain of Aphanizomenon flos-aquae. (+)-Mueggelone is reported to show significant inhibitory effect on fish embryo larval develoment. In particular, Mueggelone at concentration of 10 ug/mL, Zebra fish larvae showed 45% mortality. Survivors showed edema in the heart region and thrombosis. Mueggelone is a ten-membered  lactone having side chain with cis, trans double bonds and epoxide. The structure and biological activity of 1 spurred considerable interest among synthetic organic chemists. There are two syntheses of Mueggelone, which involves more number of steps.






As a part of the programme aimed at the synthesis of biologically active molecules, it was decided to synthesis mueggelone. The retrosynthetic analysis is depicted below (Scheme-1). 



As outlined in retrosynthetis in scheme-1, the synthesis of fragment A commenced from commercially available 3-hexene1-ol(4). Thus, the alcohol was oxidized with Dess-martin periodinane to obtained aldehyde which subsequently underwent witting olefination to give 6 in 89% yield.

Reduction of 6 with diisobutyl aluminium hydride gave allylic alcohol 7 in 89% yield, which was then transformed into epoxy alcohol 8 under Sharpless conditions.Conversion of epoxy alcohol 8 into 2 was accomplished in good yield by swern oxidation followed by 1C-witting homologation.(Scheme-2)

Reagents and conditions: a.1) Dess-martin oxidation 2) (EtO)2P(O)CH2CO2Et, n-BuLi, THF, 00C, 89%  b) DIBAL-H, THF, 00C, 89%: c) (+)DIPT, Ti(iPrO)4, TBHP, CH2Cl2, 4A0 MS, -200C, 90%: d) 1) (COCl)2, DMSO, Et3N, CH2Cl2, -780C, 1h, 80%: 2) PPh3CH3I, tBuOK, THF, 0-250C, 2h, 70%.
A kinetic resolution of epoxide 5 with the Jacobsen catalyst furnished the optically active epoxide 9. Treatment of epoxide 9 with trimethylsulfonium iodide-nBuLi cleanly afforded secondary allylic alcohol 10 in 85% yield. The secondary hydroxy group protected with tert-butyldiphenylsilylchloride (TBDPSCl) to give the corresponding silyl ether 11. 


Reagents and conditions: a. (R,R)- salen complex, THF, H2O, 40% b. (CH3)3S+I-, n-BuLi, THF, -100C to RT., 85%  c. TBDPS-Cl, imidazole, CH2Cl2, RT, 92% d. PPTS, EtOH, R.T., 90% e. TEMPO, BAIB, CH3CN, H2O,80%  f. 1) HF.Pyr, THF, 92%  2) MNBA, DMAP, Et3N, CH2Cl2/THF, 500C, 66%. 

Deprotection of TBS with PPTS resulted primary alcohol 12 in high yield. Alcohol converted to acid 13 by treating with TEMPO and BAIB (bisiodobenzene diacetate) as co-oxidant. Removal of TBDPS group with HF.Pyridine gave precursor of fragment B. Macrolaconization of hydroxyacid using 2-methyl-6-nitrobenzoic anhydride (MNBA) under Shiina conditions gave ten membered lactone  3.

Reagents and conditions: a. 2nd generation Grubbs catalyst, CH2Cl2, 250C, 40%.
  
                                                                                                                                                                                                                                                         


(R,R)-1                                                  2nd generation Grubbs Catalyst
Assembling of two fragments was undertaken by cross-metathesis between terminal alkenes A and B using Grubbs catalyst which afforded the target molecule 1 with desired E-selectivity along with the homo dimer as side product which was confirmed by mass spectroscopy. (Scheme4) The desired molecule was confirmed by spectral data and optical rotation which is identical with earlier reports.
In summary, we have synthesized the Mueggelone in less number of steps. The synthesis was highlighted by sharpless epoxidation, Jacobsen resolution, lactonization, cross metathesis as key steps.

Chapter-III: This chapter deals with development of new methodologies.
Section-A: Copper acetate catalyzed mild, highly efficient and practical synthesis of thiazoles and amino thiazoles.
Thiazoles ring constitute a core structure of many biologically active molecules. Thiazole moiety also found to play important role in drug development programs in the area of treatment of allergies, hypertension, schizophrenia, inflammation, bacterial infections and HIV. Recent studies have shown that aminothiazoles exhibit several types of biological activities like, ligands of estrogen receptors as well as a novel class of adenosine receptor antagonist. Thiazole ring present in vitamin B1 serves as an electron sink and its coenzyme form is important for decarboxylation of α-keto acids. Some of the thiazole analogues are used as fungicide for inhibiting in vivo growth of Xanthomonas and as an ingredient of herbicides or schistomicidal and anthelmintic drugs. Thaizoles have been classically prepared by the condensation of α-haloketones with thiourea in presence of bromine or iodine or by the reaction of α-thiocyanato carbonyl compounds with amine hydrochloride. Stoichiometric amount of cyclodextrin was reported to catalyze the synthesis of thiazoles in aqueous medium. Recently, silica chloride has been employed as a heterogeneous catalyst for the syntesis of thiazoles. Another method reported the use of ammonium 12-molybdophosphate as catalyst for the preparation of thiazoles. Most of these methods require stoichiometric amount of activator or catalyst, which creates additional amount of effluent waste. Though these methods are found efficient for the synthesis of thiazoles, these methods have some drawbacks of using hazardous and expensive catalyst. Notably preparation of silica chloride involves hazardous thionyl chloride while other method used expensive ammonium 12-molybdophosphate catalyst. Furthermore, many of these methods require high temperature and longer reaction times. Considering biological importance of molecules, it is necessitates to develop mild and rapid and economically viable green protocol for the synthesis of thiazoles. Recently, copper acetate has become more attractive catalyst in organic synthesis, because of easy availability, inexpensive and easy handling. Copper acetate has previously been used as catalyst for various organic reactions like cross coupling reactions, nitro aldol reactions.
We wish to report the mild and efficient synthesis of thaizoles and aminothiazoles by the condensation of α -halo ketones with thiourea in the presence of copper acetate.



The reaction was carried out by the addition of copper (II) acetate to the stirred solution of phenacyl bromide and thiourea for 5 min.   at room temperature to give the corresponding thiazoles/aminothiazoles in impressive yields (Scheme 1). The reaction proceeds smoothly without the formation of any rearranged products. The catalyst copper (II) acetate can be easily removed. All the products were characterized by 1H NMR, IR, mass spectroscopy and elemental analysis. 
In conclusion we have demonstrated mild, efficient and high yield procedure for the synthesis of thiazoles and amino thiazoles by the reaction of α-halo ketones and urea in the presence of copper (II) acetate. The inexpensive catalyst, easy availability and rapid reaction are the distinct features of this procedure.

Section-B: Triton B assisted efficient and convenient synthesis of 3-indolyl-3-hydroxy oxindoles in aqueous medium
Isatins are familiar for their manifold biological activity and indole fragment is featured widely in a wide variety of biologically active compounds. Some derivatives of isatin are key intermediates in the synthesis of natural products. Isatin and its derivatives possess a reactive keto-carbonyl group that readily undergoes condensation reactions under mild conditions. Different derivatives of isatin have been synthesized to study their bioactivity. Oxindoles are well known amongst these compounds. Oxindoles are useful as antibacterial, anti-inflammatory, laxative, growth hormone secretagogue and as new targets for cancer chemotherapy. These intermediates are also useful in the synthesis of chiral ligands to get high enantioselectivities in numerous catalytic reactions. 
Because of medical importance of indolyl oxindoles, there is a continuous interest to develop simple and efficient method for the synthesis of indolyl oxindole. These compounds are synthesized by the reaction of isatin with indole in the presence of dimethyl amine.  Recently, β-CD has been used as an inclusion complex for the synthesis of oxindole in neutral condition. However, longer reaction time and difficulties in the separation of the product are some of the drawbacks of earlier reactions. 
In recent years, the use of Triton B has received considerable attention in organic synthesis because of its non-metallic nature, efficiency and easy availability. Our interest in the development of non-metallic reagents prompted us to explore the basic activity of Triton B. Here we have demonstrated the results of Triton B mediated reaction of isatin with indole which led to 3-indolyl 3-hydroxyoxindole 
In general, the reactions were carried out by the stirring of  indole, isatin, triton-B in water at room termperature for 1h to give the corresponding products () (Scheme 1). The reaction proceeds smoothly with high degree of conversion without the formation of any by products. All the products were characterized by 1H NMR, IR, mass spectroscopy and elemental analysis. 
In conclusion, we have demonstrated an efficient and convenient method for the synthesis of oxindole.  The use of nonmetallic base and aqueous medium supports the importance of method towards green chemistry. In addition, the method is applicable for substituted isatins as well as indoles.
Section-C: PEG mediated an efficient and convenient synthesis of Spirooxindoles
The indole nucleus is probably the most-known hetero cycle, indole moiety is found in a variety of natural product and in medicinal agents. Compounds with the indole moiety exhibit antibacterial and antifungal activities. Furthermore, it has been reported that sharing of the indole 3-carbon atom in the formation of spiroindoline derivatives highly enhances biological activity. The spirooxindole system is the core structure of many pharmacological agents and natural alkaloids.
The reported methods for the synthesis of spirooxindoles have various limitations such as highly acidic conditions, organic solvents, water-organic solvent mixtures, elevated temperatures, extended reaction times, tedious work-up, etc. Organic reactions in poly ethylene glycol have recently become a topic of focus in organic synthesis since they overcome the harmful effects of organic solvents and are environmentally benign.
Recently, PEG and its solutions have been introduced as interesting green solvent systems. These have replaced many other neoteric solvents such as ionic liquids, super-critical carbon dioxide, and micellar systems whose toxicological properties, short and long-term hazardous nature, and biodegradability have not been established completely. Low cost, reduced flammability, reduced toxicity, recyclability, completely nonhalogenated composition, easily degradable, and miscibility with wide variety of organic solvents are some of the properties that render PEG a benign alternative solvent in organic synthesis. Here we have shown the few applications of  PEG mediated synthesis of spirooxindoles.

In general the reactions were carried out by a suspension of an isatin in PEG, malononitrile, dimedone was added, and resulted mixture was stirred at 50 0C to give the corresponding spirooxindoles in high yields (87-92%). This method was also compatible with different substituted isatins. All the products were isolated and characterized by 1H-NMR, mass and IR spectroscopy and by comparison with known compounds.
In conclusion, an efficient and simple procedure has been demonstrated for the synthesis of spirooxindoles in polyethylene glycol. The notable features of this reaction are high yields, short reaction times, clean reaction profiles and operational simplicity.















